Original Article intRoduction Enterococci are established nosocomial pathogens causing urinary tract infections (UTIs), bacteremia, surgical site infections, intra-abdominal, pelvic site wound infections, infections in indwelling devices, etc.
catheterisation and vancomycin resistance in nosocomially acquired enterococci.
Bacterial strains
This prospective analytic study was done in Enteric Laboratory, Department of Medical Microbiology in our tertiary care centre. A total of 50 (25 in each group) urinary isolates were collected from admitted patients of all age groups and both sexes who had nosocomial acquisition of enterococci in urine culture (≥10 5 cfu/ml).Twenty-five isolates were taken from the clinically asymptomatic patients with no pus cells in direct urine microscopy, and another 25 enterococcal isolates were taken from the symptomatic UTI (SUTI) cases. Centers for Disease Control and Prevention definition for nosocomial UTIs were followed for defining SUTI. [7] Identification of isolates was done by colony morphology, Gram staining, and standard biochemical tests and confirmed by matrix-assisted laser desorption ionisation-time of flight.
Biofilm assay on polystyrene plates
A modified protocol as described by Alejandro Toledo-Arana et al. [8] was followed. Briefly, enterococcal strains were grown overnight in brain heart infusion (BHI) with 0.25% glucose at 37°C. Cultures were diluted in fresh BHI-0.25% glucose, and the optical densities (OD) of the bacterial suspensions were measured using a U-2900 ultraviolet-visible spectroscopy spectrophotometer (Hitachi, Tokyo, Japan) and normalised to optical density of 0.2 at 595 nm (OD 595 = 0.2). A 200 µl of this cell suspension was added to sterile 96-well polystyrene microtitre plate. After 24 h incubation at 37°C, wells were gently washed three times with 200 µl of phosphate-buffered saline (PBS); dried in an inverted position, and stained with 200 µl 1% crystal violet (CV) for 15 min followed by washing with PBS. Afterwards, ethanol-acetone (80: 20, v/v) was added, and the absorbance of extracted CV was determined at 595 nm (OD 595 ) with Multiskan FC Microplate photometer (Thermoscientific Inc., USA). As a control, CV binding to the wells was measured for wells exposed only to the medium with no bacteria. The mean optical density of blank wells plus two standard deviations (SDs) was subtracted from individual readings for each experiment to give final corrected optical density results. Any optical density value >0 after correction was considered positive. Strains were classified as biofilm non-producers (OD 595 ≤0), weak (OD 595 <0.2), medium (OD 595 ≥0.2 to <0.5), strong (OD 595 ≥0.5) biofilm producers according to Seno et al. [9] Each assay was repeated three times on different days with three replicates for each strain per assay from which mean values were calculated.
Screening for enterococcal surface protein gene
All strains of enterococci included in the study were screened for esp gene by the polymerase chain reaction (PCR). PCR was performed using primers (Sigma, Bangalore, India) for amplifying 407 bp fragments of the esp variants (5'-GGTCAC AAA GCC CAA CTT GT-3' and 5'-ACG TCG AAA GTT CGA TTTCC-3') from Enterococcus faecalis or E. faecium. [10] Amplification conditions have been described earlier. [11] PCR was carried out with the following thermal cycling prof1itial activation step at 95°C for 15 min; 30 cycles of denaturation at 90°C for 30 s, annealing at 58°C for 1 min and extension at 72°C for 1 min; final extension at 72°C for 10 min. The PCR product was run on 1.5% agarose gel stained with ethidium bromide. Specific bands 407 bp for esp were visualised using a digital gel documentation system (Alpha Innotech, SanLeandro, CA, USA). The isolate was considered positive for PCR if a specific band was seen. A 100-bp ladder was used as a molecular marker.
Confocal laser scanning microscopy [12] Confocal laser scanning microscopy (CLSM) was used to examine biofilms formed using two strains: one esp-positive strain which formed strong biofilm [ Figure 1 ], and the other esp-negative strain which failed to form the biofilm [ Figure 2 ]. These strains were grown at 37°C for 24 h in BHI with 0.25% glucose and on next day, growth was suspended in the fresh medium. The optical density of final suspension was normalised to optical density of 0.2 at 595 nm (OD 595 = 0.2) and used to grow bacterial biofilms in Labtek ® two-chambered #1.0 borosilicate cover glass system (Hatfield, PA). After overnight incubation, for confocal imaging, supernatant media was gently aspirated from them. The wells were washed twice with sterile PBS, and biofilms were stained with 100 µl of 1% aqueous auramine solution for 10 min. Then, subsequently, washing was done twice with sterile PBS. Fully hydrated biofilms with 2 ml PBS were visualised through CSLM. Confocal images were captured using Nikon A1 R confocal, and an argon laser (488 nm) was used for sample excitation. The images were viewed using the Nis-Elements AR 4.1 software (Nikon Corporation,Tokyo, Japan).
Results

Biofilm formation by enterococcal isolates from symptomatic and asymptomatic patients
OD 595 values following CV staining ranged from 0.241 to 1.355 [ Figure 3 ]. Out of 25 enterococcal isolates from asymptomatic patients, 9 (36%) isolates were found to be biofilm producers (6 weak [mean ± 2SD OD 595 <0.2] and 3 medium [mean ± 2SD OD 595 ≥0.2 to <0.5]). Twelve (48%) out of 25 enterococcal isolates from SUTI cases, produced biofilms [7 weak, 4 medium and 1 strong (mean ± 2SD OD 595 >0.5) biofilm formers]. However, the difference was not statistically significant between asymptomatic and symptomatic isolates. Other characteristics of all 50 strains screened for biofilm production are listed in Table 1 .
Correlation between presence of enterococcal surface protein and biofilm formation in enterococcal isolates
Isolates were screened for the presence of esp gene and categorised based on their capacity to form biofilm and presence of esp gene [ Table 2 ]. The gene was present in 30 (60%) of 50 isolates and 57% of biofilm producers. Eighteen (62.07%) of 29 non-biofilm producers were also esp positive. Seventeen esp positive isolates were from asymptomatic cases, whereas 13 were from SUTI. However, we found that 100% of medium and strong biofilm producers were esp positive. The esp negative isolates were only weak biofilm producers (P < 0.01 by Chi-square test).
Subgroup analysis
When subgroup analysis was done between catheterised and non-catheterised patients, there was no statistically significant difference in above four categories of isolates described [ Table 2 ]. Biofilm formation was observed in 9 out of 23 (39.13%) catheter-related isolates and 12 of 27 (44.44%) catheter unrelated isolates. However, esp was detected in 13 (56.52%) and 17 (62.96%) catheter-related and unrelated isolates, respectively.
On comparing E. faecalis (n = 10) and E. faecium (n = 40) isolates, 70% of E. faecalis isolates were biofilm producers as compared to only 35% of E. faecium isolates (P > 0.05 by fisher's exact test). The esp positivity was observed more in E. faecium isolates (65%) in comparison to E. faecalis strains (40%) though this difference was also not statistically significant.
Va n c o m y c i n -s e n s i t i v e e n t e r o c o c c a l ( V S E ) a n d vancomycin-resistant enterococcal (VRE) enterococcal isolates showed similarity biofilm production and esp positivity. Out of 33 VSE isolates 14 (42.42%) showed biofilm resistance profile of various antibiotics in biofilm producer and non-producer enterococcal isolates in symptomatic and asymptomatic cases.
discussion
Enterococci are common nosocomial uropathogens isolated in significant numbers (≥10 5 /ml) from 6.8% of urine samples at our tertiary care referral centre (unpublished data). Biofilm formation in enterococci enhances their tolerance to antibiotics and also contributes in genetic exchange and dissemination of resistance properties. [1] In the present study, we tried to explore the relationship between biofilm formation and the presence of esp gene with SUTI, catheterisation and vancomycin resistance in nosocomially acquired enterococci. Although earlier studies by Upadhyaya et al. [13] and Di Rosa et al. [14] observed biofilm production to be more commonly associated with clinical infection isolates than commensals or environmental isolates, we did not find statistically significant difference in biofilm formation in isolates from symptomatic patients and asymptomatic patients. However, in symptomatic patients, biofilm production might enhance the establishment of the infectious process and emergence of symptoms. To identify genetic determinants of enterococcal biofilms, we tried to establish correlation between esp and biofilm formation. The unique morphology of esp with multiple repeat motifs helps enterococci to adhere to ligands on the host uroepithelium. It also has a role in colonisation and persistence of UTI. [6] Sequencing of esp region shows sequence similarity with bap (biofilm-associated protein) of Staphylococcus aureus which is critical for biofilm formation by this organism. [15] In the present study, 40% esp positive isolates produced biofilm and 45% esp negative isolates also produced biofilm. However, all medium and strong biofilm producing enterococcal strains were esp positive. Unlike the studies done by Seno et al., [9] Toledo-Arana et al. [8] and Tendolkar et al. [12] and in concordance with studies by Dworniczek et al. [16] and Ramadhan and Hegedus, [11] our study suggests that esp is not a compulsory genetic component to produce biofilm by enterococcal strains but more than one components may function synergistically to express We also looked into whether the strains isolated from Foleys catheter formed more biofilm or were associated with the presence of esp gene. We did not find any correlation between biofilm formation and indwelling catheter similar to the study by Seno et al. [9] Enterococci are known to form biofilm on various types of medical devices. [2] It is possible that enterococci are capable of forming biofilms in response to bacterial factors mediating adherence to the host extracellular matrix. Genetic susceptibility of the host to biofilm formation and the relative significance of host factors versus bacterial virulence determinants in biofilm formation could be an interesting factor to the study.
In the current study, among the E. faecalis isolates, biofilm formation was more common (70% vs. 35% in E. faecium isolates); however, the presence of esp was more frequent in E. faecium isolates (65% vs. 40% in E. faecalis isolates) (P > 0.05). Overall, E. faecalis has been associated more frequently with biofilm formation as compared to E. faecium. [14, 17, 18] However, in contrast to our study, Shankar et al. [6] and Di Rosa et al. [14] showed esp gene was more frequent in E. faecalis irrespective of their source of isolation. Woodford et al. [10] found esp gene to be more common in E faecium strains isolated from urine.
In the present study, we did not find any difference in the biofilm formation ability and the presence of esp gene in VSE and VRE strains (41.18% in VRE and 42.42% in VSE). In contrast, Ramadhan and Hegedus [11] showed that acquisition of vancomycin resistance resulted in a lower ability to form biofilm. In the study done by Woodford et al., [10] esp was present in 61% of VRE and 64% of VSE similar to our study. However, Willems et al. [19] detected the gene only in VRE strains.
conclusion
Our study suggests that esp is not a compulsory genetic component to produce biofilm but when present may enhance the biofilm formation. Ability to form biofilm is independent of resistance to vancomycin. We also did not find any significant association of catheterisation with biofilm production. The exact genetic mechanisms of biofilm production in enterococci are still unknown; [20] however, the process appears to be multi-factorial.
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